NOTES ON THE LEAVES OF LIRIODENDRON. 
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Diiriug the spring of 1889, while engaged in studying the germina- 
tion of some of our native plants, I collected quite a large number of 
germinating plantlets in the woods about Washington, especially along 
the Potomac shore. In the pursuit of these studies I found many speci- 
mens of our common Tulip-tree {Liriodendron TtUipifera), which, how- 
ever, did not particularly attract my attention, since their germination 
with the cotyledons above ground showed nothing especially remarka- 
ble; nevertheless I collected a number of them and brought them home 
for closer examination. I now observed, that although their germina- 
tion did not present anything of particular interest, they showed a pe- 
culiar fact in respect to their young foliage-leaves. The two or three 
leaves developed upon these young plants showed a great similarity 
among themselves, and at the same time differed from those of the older 
or full-grown tree. I then began the examination of the foliage of the 
mature tree, and it was not long before I observed that there was a cer- 
tain regularity, depending upon the position of the different forms of 
leaves. 

It is a well known fact that there is a great variation in the leaves of 
our recent Liriodendron,, not only on the same tree, but even on the 
same branch, but as this circumstance does not seem to have been 
much discussed heretofore, it may be of interest, at least to paleobota- 
nists, to describe the Liriodendron leaf somewhat carefull 3 ^ After 
having collected man}' fine specimens of the leaves, from very j’oung 
trees and from the branches of some of the oldest ones in the vicinity 
of Washington, I began to examine the course of the variation. First, 
however, I looked at the published descriptions of the tree, but it seems 
to be a fact so well known that the s^'stematic authors have not thought 
it necessary to mention it. I consulted Prof. Lester F. Ward about it, 
but he did not remember where these variations were described by any 
author, but advised me to study certain paleobotaufcal publications, 
and called my attention especially’ to a paper by Dr. J. IS. Newberry, 
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eutitled The Ancestors of the Tnlip-tree,’’* and to several other papers^ 
important lo this study. 

If we wished to tind a complete account of the variation of the leaves 
of Liriodendron Tulipifera^ should wc not seek it in a paper in which the 
author attempted to show its ancestral conditions'? But I was disap 
pointed in reading this paper, for, curiously enough, Dr. dewberry does 
not pay any considerable attention to the recent species. He enumer- 
ates and figures some new fossil species, and mentions, though briefly^ 
some other ones described before, but the comparison with the Jiving 
tree which I was looking for was entirely wanting. On turning to some 
other authors, for instance, Heer, Lesqnereiix, Saporta and others, I 
found descriptions and figures of fossil Liriodendron leaves, and 1 shall 
now try to give a comparison of these ancient types with the only living 
species, Liriodendron Tnliplfera L. 

The object of these notes, as will appear later, is to prove that, as far 
as is known to the author, there is not a greater difference in the foli- 
age between many of the extinct species of Liriodendron than between a 
series of leaves from a very young tree or from a branch of an older one 
of our recent species. I shall therefore* take as a point for discussion 
the last sentence in Dr. Newberry^s paper: ‘‘Hence, until more ma- 
terial shall show the simple, ovate, or lanceolate forms to be connected 
by insensible gradations with others, I must regard them as specifically 
distinct.’^ 

The most rational manner of treating the question of the differ- 
ence between the fossil and the recent species is to commence the ex- 
amination with the living plant, of which the most complete material 
will be always at hand and certainly give the most reliable result. We 
have then to look at the descriptions given by the different authors in 
the systematic works. The species, as well as the genus, was first de- 
scribed by Linue in his “Species plantarum,’^ 1764, p. 755, where he 
described the leaf as “tripartite aceris folio, media lacinia velut ab- 
scissa.’^ It seems now, however, as if there is some disagreement 
among authors, who have either considered the leaf as three-lobed, with 
the middle lobe notched at its summit, or as a regular four-lobed leaf, 
but with the apex cut off. We shall see that of seventeen authors 
eight have described it as tbreedobed, while the remaining nine have 
called it fourdobed. The different diagnoses of the leaf are as follows : 
“Foliis trilobis truncatis” Willdenow;t “leaves three-lobed, with the 
central lobe truncated” Nuttall ; | “ leaves truncate at the end, with two 
side lobes” Eaton ;§ “leaves divided into three lobes, of which the 
middle one is horizontally notched at its summit and the two lower 
ones rounded at the base” Browne ;|| “leaves dilated, rounded or sub- 


^ Bulletin of the Torrey Botau. Club, vol. xiv, Ko. 1, Lr87. 
tWilldeuow; Species plautanuu, vol. ii, Pars II, p. P254. 
tThs. Nuttall: Genera of North American plauts, 1818, p. 18. 

$ A. Eaton : Manual of irotany for North America, 1833, p, 208. 
11 D. I. Browne : The trees of America, 1840, p. 25. 
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cordate at base, usually threedobed, the middle lobe broad and eiuar* 
giuately truncate” Darliugtoii 5 ^ leaves three-lobed, the middle lobe 
truncate, glabrous” Darby the lejives are divided into three lobes, 
of which the middle one is horizontally notched at its summit and the 
two lower ones are rounded at the base” F. A. Michaux;^ ^‘leaves 
angled, truncated, mostly rounded at the base, somewhat three-lobed, 
the middle lobe appearing as if cut off, leaving a shallow notch” Cliap- 
man.*^ The leaf has also, as mentioned above, been described as four- 
lobed by following authors and in this manner: ‘^Foliis abscisso-trun- 
catis, quadri-lobatis” Michaux;^ the same diagnosis has been given 
by Pursh. ^ “ Folia apice trnncata, aeute quadri-loba, lobis utrinqueduo- 
bus sinii obtuso lato distinctis” de Candolle;'^ “leaves cut truncate, 
fonrlobed” Barton;® “ leaves four lobed, truncate” Torrey ; ^ “ leaves 
divided into four, pointed lobes, and terminated by a shallow notch, the 
extremity being nearly square and the middle rib ending abruptly as 
if cut oft*” Bigelow “leaves truncate at the top, fonrlobed, resem- 
bling a saddle in shape ” Loudon “ folia trnncata, sinuata, quadri- 
loba” Bentham and Hooker; “leaves with two lateral lobes near the 
base, and two at the apex, which ax> pears as if cut oft' abruptly by a 
broad shallow notch” Gray. 

There is no doubt that the diagnosis given by A. Michaux (I, c.) is the 
only correet manner of describing this peculiar leaf, and, as has been 
shown above, it has been accepted by sueh authorities as Bentham, 
Hooker, and Gray. It is, however, to be remarked that Michaux^s fonr- 
lobed leaf is properly to be understood as a lobed leaf with the summit 
wanting, or what he called “ abscisso truncatis (foliis),” while it is not 
correctly described by other authors, who have called the leaf three- 
lobed with the midille lobe “ cut off.” We have no leaf, as tar as i 
know, either fossil or recent, of this genus in which we can find any com- 
plete middle lobe or anything like the entire leaf of the genus M((g}ioH(i, 
so closely allied to our Liriodendron; because I do not take the cotyle- 
dons into consideration. These are certainly entire, oblong, and taper- 
ing at both ends, distinctly but not sharply pointed at their summit, 

1 William Darlington ; Flora Cestrica, 1853, p. 9. 

2 John Darby: Botany of the Sontboru States, 1855, p. 212. 

® F. A. Michaux : North American Sylva, vol. ii, 1865, p, 35. 

'^A. W. Chapman: Flora of the Southern United States, 1883, p. 14. 

^A. Michaux: Flora Boreali-Americana, 1803, p. 326. 

^Fr. Pursh: Flora America septentrionalis, vol. ii, 1816, p. 382. 

’A. P. de Candolle: Prodroinus sysl. nat. regni. vegetab,, vol. i, 1818, p. 461. 

8 William Barton: Compendium Florm Philadelphica‘,, 1818, p. 18. 

® John Torrey : Compendium of the flora of the Northern and Middle States, 1826, 

p. 221. 

Bigelow: Plants of Boston, 1840, p. 245. 

“ I. C. Loudon : Trees and shrubs of Britain, 1875, p. 36. 

Bentham and Hooker : Genera plautarniu, vol. i, 1867, p. 19. 

Asa Gray : Manual of Botany of the Northern United States, 5th ed., p. 50. 

Proc. N. M. 90 2 
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and show a considerable difference from the mature leaves. A drawing 
of one of the cotyledons is given on Plate iv, Pig. 1, and a germinat- 
ing plautlet has been figured by Mirbel in liis IS^oiivelles recherches 
sur les caracteres anatomiqiies et physiologiques qui distinguent les 
plantes monocotyledones des plautes dicotylcdones.’^* But this cir- 
cumstance that there is a difference between the cotyledons and the 
mature leaves does not seem to be of particular importance, when we are 
looking for the primeval leaf of any genus. We know well enough 
from the numerous contributions on the subject of the germination, 
how widely different the shape of the cotyledons can be from that of 
the mature leaves of the same plant, and 1 will merely call attention 
to the lobed cotyledons of Tilia^ the entire ones of Acer, the Umbelli’ 
fercv, etc. 

As to the nervation of the mature leaf of the recent Liriodendron^ 
this seems rather to show a four-lobed than a three-lobed leaf, or per- 
haps it would be better to say a pinnately-lobed than a pal mately -lobed. 
The three-lobed leaf, for instance, of Sassa/f^as, so exactly figured in Pro- 
fessor Ward^s paper : The paleoutologic history of the genus Platanus,^^ 

must probably always be considered as a really palmately- veined and 
lobed leaf, with the two lateral ribs of the lobes strongly developed and 
proceeding from the base of the midrib, in pairs. But we quite often 
find, on the other hand, small leaves of the genus Quercus with only one 
lateral lobe on each side, but such a leaf would never on that account 
be considered as three-lobed. And I propose to comi)are the leaf of 
Liriodendron with a lobed leaf of Quercus^ on account of the nerva- 
tion as shown on Plate iv, where several forms arc figured of full- 
grown leaves. We see on these leaves that the lateral ribs almost 
proceed in pairs to the lobes, but not at all from the base of the midrib. 
The leaf is really feather- veined, therefore pinnately-lobed, when lobes 
are present. Now as to the varieties of Liriodendron Tulipifera, but 
few have been mentioned and described, namely: a acutiloba: lobis 

acutis acuminatisque, ^ obtusiloba: lobis rotundato ohtiisissimis,” both 
of A. Michaux, and finally a variety chmensis Hemsl. The two varie- 
ties, described byMi 'haux, have been accepted by Pursh, De Candolle 
and Browne, though by the last named with a difference in the nomen- 
clature acutifolia^^ instead of amtiloba^^), and with Loudon as au- 
thor, but the description agrees perfectly with that given by Michaux. 
De Candolle has another variety folds quadri-lobis aut rarius snbiute- 
gris ovatis apice truncato-emarginatis=I/. iniegrijolium hortul./’ but 
this variety has been considered as identical with Michaux^s obtusiloba 
by Loudon. Liiine also made a variety “ ft, Tulipifera caroliniana foliis 
productioribns magis angulosis,^^ which possibly may be the same as 
Michaux’s variety acutiloba. 

As to the variety chmensis, this was discovered in China by Dr. 


* Anuales clu Miisdum cVliist. uat., xiii, 1809, PI. VI. 
tProccediugs U. S. National Museum, Vol. xi, 1888, PI. xxi, 
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Shearer and described as a new species,* * * § but has later been considered 
as merely a variety" by Hemsley,t and it is very interesting, that we 
have here an Asiatic representative of Linodendron^ hitherto supposed 
to be confined to our country, Moore {L c,) remarks about this form, 
that it differs from tbe typical one in having the leaves more deeply 
lobed and being glaucous underneath. According to the description, 
given by Forbes and Ilemsley c.), there has been observed a certain 
variation in the foliage of the same tree, since the leaves are either 
deeply lobed and the lobes very obtuse, or the lobes are very short and 
very acute. The authors, however, remark tliat these characters to- 
gether with the size of the flower, which was a little different from that 
of the typical form, might possibly be sufficient to rank it as an inde- 
pendent species, but the leaves do not give any distinctive character 
and the flowers difler only in size. We find, however, very little about the 
general variation in the foliage of the recent species, for the only author 
who mentions it is Curtis,| who says: ‘‘They [the leaves] vary greatly 
in the division of their lobes,” In the figure of the tree, given by F. A. 
Miehaux {L c.), there is, however, a leaf with two pairs of lobes, one of 
which has a short tooth at its base, while, as was stated, the most com- 
mon form seems to be merely four lobed 5 Bigelow § mentions, that “ in 
the large leaves the two lower lobes are furnished with a tooth or addi- 
tional lobe on their outside.” Finally Heer || has given a very interest- 
ing note on the foliage of the recent Linodendron as follows: 

Die unteisteu BUltter der Zvveige haben beim lebeiideu Tnlpenbanm baiifig keiub 
soitlicbeu Lappeii mid sind voru gegeii die Ausbiicbtnng zngenmdet, wilUreud die 
obern Zweigblatter die bekaunteu grossen, vorn ziigespitztea Seitculappen baben and 
der uiittlere Lappeu zn beiden Seiten der Ausrandung in spitzeu Ecken endet. Vou 
den nngelappten, grundstandigeu Blattern zu dieseu scbarf gelappten obern finden 
sieb zablrcicbe Uebergiinge. Icb babe Taf. xxiii, Fig. I, ein zsYeiggrnudstiindiges, 
nngelapptos Blatt abgebildet, welebes den uugelappten der Kreidearfc sebriibulicb 
siebt; an deuiselbeu Zweig stand weiter obeu Fig. 2, bei welcbem unrganz scbwacbe, 
seitlicbe Lappen yorbanden sind, wie bei L. Meelcii primcevum^ wilbreiid die meisten 
Blatter des Bainnes die gewbbnlicbe, sebarff gelappte Form zeigteu. Der lebende 
Tnlpenbanm zeigt daber diesell>e Polymorpbie der Blatter, wie die Kroideart mid 
stebt diesersebr nabe. Indessen sind die nngelappten Blatter der lebenden Art viel 
breiter nud kiirzer, inancbe fast kreisrmid, am Grande nicbt in den Stiel binablau- 
fend; der mittlere Lappen ist am Grand uiemals verscbrniilert nud die Lappeu sind 
anssen in der Regel in eine Spitze anslanfend. 

It seems therefore that Heer has understood the recent Linodendron 
perhaps better than any one else ! 

If we now consider the figures on Plates iv to ix, all of which repre- 
sent different stages of growth of Liriodendron Tulipiferay collected along 

* Moore: Description of some new Pbauerog, coll, by Dr. Shearer, at Kinkiang, 
China. (Journ. of Bot. n. s. iv, 1875, p. 225). 

tF. B. Forbes and W. B. Hemsley: An enumeration of all tbe plants known from 
China proper, Formosa, Hainan, Corea, etc. ( Joiirn. of Linn. Society, xxni, No. 150 
1886, p. 25). 

t Win. Curtis: Botanical Magazine vii, 1794, p. 275. 

§ I. Bigelow : American Medical Botany 1818, p. 109, 

11 Oswald Heer ; Flora fossilis arctica vi, 1882, p. 89. 
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the shore of thePotoinac uud in the Smithsonian Park, we must wonder 
not a little that systematic authors have mentioned so few of these forms. 
We see here the most ^‘insensible gradations’’ from the entire to the 
deeply-lobed leaves. We see the orbicular form in Pig. 5, the obcordate 
in Figs. 0, 7, and 8, the approximately bilobed in Figs. 16, 31, and 41, and 
the large variation iii the upper margin of these small leaves, more or 
less notched, as for instance in Figs. 11, 13, 16, etc., or almost horizon- 
tal, as in Fig. 17, and, farther, how there is a weak, but quite distinct, 
attenuation of the blade into the petiole, as in Figs. 6 and 7. And if 
we examine the other forms with the lobes more or less developed, we 
shall find quite a large number of variations from Figs. 11, 15, and 17, 
to the more distinctly lobed leaves, as Figs. 18, 10, and 20, and finally 
the large leaves. Figs. 2, 3, and 4. We find here another kind of varia- 
tion, in regard to the depth of the sinuses, merely shallow in Figs, 24 
and 25, or very deep as in Figs. 23, 26, 27, 28, 29, and 30. And farther, 
as stated in the description of the small leaves, the upper margin varies 
very much in regard to its sinus, deep as in Figs. 22, 24, 39, and 40, or 
in a much smaller degree as in Figs. 3, 23, 25, 27, and 30. Finally, it 
must be remarked that the sinus at the base of the blade shows quite 
a large variation in its depth, but I have not found a case in the larger 
leaves where the blade tapered into the petiole. 

As to the varieties, I have obtained rich material from a single tree 
cultiv^ated in the United States Botanical Garden under the name of 
integrifoliaj^^ and I suppose tiiis corresponds to Michaux’s variety 
ohfusiloba,^^ Leaves from this tree are figured on Plate viii, Figs. 32 
to 37, and these also differ among themselves, ranging from the small, 
obcordate leaf (Fig. 37) to the more obtuse one. Fig, 36, with the upper 
margin almost horizontal in contrast with the leaf, Fig. 37, where a deep 
depression is to be observed. The api)roximately roundish form. Fig. 
33, was the most common on this tree, of which, however, several leaves, 
as Fig. 32, showed two distinct teeth at the upper margin, corresponding 
to the upper lobes of the normally developed leaves; and moreover I 
observed not a few with an incipient dentation at the base and at the 
middle part of the blade, as shown in Fig. 34. The base showed here 
the same kind of variation as mentioned above in the typical forms. 
The other variety, acutiloba^^ Michaux, is unknown to me, but it is pos- 
sible that the small leaf. Fig. 23, and the larger ones. Figs. 26 to 30, show 
a similar form. They represent, however, not a variety, but merely a 
young state of the typical tree. The small leaf, figured on Plate vi, 
Fig. 23, has been taken from a plant, 1 foot high, of which the age was 
almost two years, and all the leaves on this specimen had this same 
shape. The larger leaves. Figs. 26 to 30, belonged to a mere shrub, no 
more than 5 feet high, of which the leaves had either the same deeply 
lobed form, or, as shown in Fig. 31, the almost obcordate outline. It is 
to be supposed that this form may not be constant, and as the shrub 
gets older and attains a larger size the leaves will gradually acquire the 
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normal shape. This is, however, only a supposition, but as ineiitioiied 
above, the leaf shown in Fig. 23 was from a very young plant, of which 
I observed many in the same locality, all of which were similar. 

If wo look now at Plate ix, which represents a part of the foliage of a 
shoot of the year and developed in the axil of the large leaf, Fig. 38, we 
shall see, as stated in the explanation of the plates, that Fig. 41 is the 
first and oldest one of this branch, after which followed a nearly normal 
four-lobed one, only a little smaller than usual; after this (Fig. 40), some> 
what irregnhir, and still later two normal ones, both of the same shape 
as Fig. 39, which was the next youngest; the youngest leaf of this 
branch had again the same shape as that in Fig. 41 ; in short, the old- 
est and the youngest leaf on the same branch showed an entirely dif- 
ferent form from the intermediate ones, of which the form has been 
taken as the normal one for our Liriodendron Tnliplfera., viz : ‘^the four- 
lobed leaf.” It is to be pointed out that instead of the four-lobed leaves 
it is not uncommon to find leaves with six or even eight lobes, like teeth, 
as shown in Figs. 3 and 4. The fact that the oldest and youngest leaf 
on the same branch can differ so much from the other ones seems to be 
almost constant for the full-grown tree and especially on the lateral 
branches ; it was at least the case with a very large number of branches, 
which I examined for that purpose. And if we examine very young 
specimens of our Liriodendron^ only five months old, we shall certainly 
see a still greater variation in the young foliage. In some of these not 
less than five different forms were to be observed in six leaves! The 
first leaf after the cotyledons showed the shape as given on Plate v, 
Fig. 10, after this followed another one like Fig. 11, after this two, like 
Fig. 12, and then two four-lobed ones, the youngest of which showed 
the form as in Fig. 25, while the preceding was almost like Fig. 23. In 
general the first four or even five leaves on the very young Tulip tree 
have the same curious form as the oldest and youngest on the branches 
of the full-grown tree. This kind of variation in the foliage of many 
other trees and even in herbs is not uncommon, and it may certainly 
be considered as a constant character for many plants. 

What then is the principal character of the recent Liriodendron-\e^i^ 
and w^hat characters are to be looked for by the paleobotanists, when 
identifying fossil leaves, supposed to belong to the genus Liriodendron f 
There is nothing more striking in the leaf than the notch at its apex, 
which, as we have seen in the plates, is to be observed in all the leaves, 
excepting Fig. 5, both large and small, whether they are lobed or not. 
And if the paleobotanists do not find a completely preserved leaf, or 
at least the apex of it, then it will certainly be a question, whether or 
not they have the true Liriodendron before them, for I do not see any 
essential difference in the lobes alone nor in the partial nervation, which 
should be so characteristic as to guide the observer in identifying a 
fossil Liriodendron^ if he had not the summit of the leaf. The lobes, 
considered by themselves, are not very different from those of many 
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other plants, as for instance, species of Acer and Aralla^ especially if 
the palmate nervation of these is not to be seen distiuetly, which a 
small part of a lobe might not be able to show. And as to the smaller 
leaves, the obcordate ones, these are, when they occur as fossils, even 
more misleading, Leav^es with the apex emarginate and of an obcordate 
form occur so often in the other families as the only typical form of the 
leaf or leatlet, that it would be more natural for the paleobotanist to 
think of such families rather than of such a genus as the Liriodendron. 
And their nervation is, in proportion to their size, rather indistinct and 
far from characteristic; they are regularly feather-veined. 

But, still, as will be shown later, several fossil leaves of this obcor- 
date shape have been identiticd as belonging to Liriodendron^ whether 
correctly or not is another question, but why should the ancient types 
not show at least a similar kind of variation, as does the recent one'? 
There is a peculiar circumstance connected with Dr. dewberry’s TAri- 
odendron oblong i folium^ L. quercifolium, and L, simplex (L c.). As the 
author remarks, the leaves of these three species are proportionally 
longer than those of the recent species. This seems to be characteristic 
of several of the other ancient forms, and is a point of great interest, 
especially because I believe, we may trace it in the recent leaf. There 
is, namely, in the leaf of Liriodendron Tulipifera a short point in the 
middle of the notch which is an elongation of the midrib, and 1 have 
observed this feature in all the leaves 1 have examined, of both old 
and young trees. This prolongation of the midrib might then show a 
rudiment of a longer midrib, that is, the leaf may formerly have been 
longer and then for some reason have decreased to its present size. It 
might, however, be objected to this supposition that it very often oc- 
curs, that such a point is to be found in leaves, and especially very 
commonly in the obcordate leaflets of many Legiminoscc, where we are 
not entitled to presume a reduction in length of the leaf. I am well 
aware of this, but there is another fact that must be considered, 
namely, that the nervation of the leaflets, pointed and obcordate or 
with the apex of the blade notched as in Liriodendron^ in Hwmatoxylon^ 
Coluiea^ and others, is somewhat different from that of such forms 
of the recent Tulip-tree. For even if the Liriodejidrondeiwe^ and the 
X6’//nmwo5rc leaflets are feather-veined, and geuerall^^ show the same 
relatively coarse reticulation, yet while the nerves of the Leguminosev 
leaflets are almost parallel to each other, this is not always the case with 
Liriodendron, Just beneath the upper margin of the leaf oY LArioden^ 
dron Tulipifera is to be observed one pair of very short and rather 
indistinct ribs, and these proceed almost horizontally from the midrib, 
while the other ones, at least in the smaller leaves, form an acute angle 
with the midrib. Might this pair of ribs not have shown an additional 
pair of lobes, when the leaf was longer, and are they not to be supposed 
to have always been present in the elongated midrib? This would at 
le.ist be a great help to the correct understanding of the long leaves 
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of the supposed Llriodendron ohlongifoUum, quercifoUnnij simplex, and 
others. 

Kow as regards the fossil leaves, belonging to the genus Lirioden- 
dron, all of them have been found either in the Cretaceous or in 
the Tertiary formation. They represent certainly several quite well- 
distinguished forms, but whether they represent a corresponding num- 
ber of species is rather doubtful, at least, if we will compare them with 
the numerous variations, which, as stated above, occur even on the same 
tree, the only recent species of our flora. These supposed species are : 

Liriodendron acuminatum luesqx. 

Liriodendron CelalcovsJcii Veleusk. 

Liriodendron cruciforme Lesqx. 

Liriodendron Gardneri Sap. 

Liriodendron gUjantcum Lesqx. 

Liriodendron Haiierii Ettings. 

Liriodendron laramicnse Ward. 

Liriodendron Meelcii Heer. 

Liriodendron Meckii, var. genuina, 

Liriodendron Mceldij var. Marcottana. 

Liriodendron Meekii^ var. miicronnlata. 

Liriodendron Meekii, var. ohcordata, 

Liriodendron Meekii^ var. primwva, 

Liriodendron oblongifolinm Newb. 

Liriodendron pinnatifidiim Lesqx, 

Liriodendron Procaccinii, Ung. 

Liriodendron Procaccinii, var. A, Ilelvetica. 

Liriodendron Procaccinii, var. B, acntiloha. 

Liriodendron Procaccinii, var. C, ohtusUoha, 

Liriodendron Procaccinii, var. C, (1) snhattenuata, 

Liriodendron Procaccinii, var. C, (2) roiundaia. 

Liriodendron Procaccinii, var. D, incisa. 

Liriodendron quercifolinni Newb, 

Liriodendron scmialaiiim Lesqx. 

Liriodendron simplex Newb. 

besides the Tertiary, considered as identical with onr recent Lirioden- 
dron TiiUpifera L. 

We have here fourteen species, with, in all, eleven varieties enumer- 
ated of a genus, of which but one is still existing, properly indigenous 
in North America and China. We shall see later that, while some 
authors have not hesitated to consider the different forms as species, 
others have preferred to describe several of them as merely vari- 
eties. The geographical distribution of the Tulip-tree was certainly 
wide in the Cretaceous age, when it existed as hir north as Greenland, 
and in the Tertiary formation it occurred in several parts of Europe 
from Iceland as far south as Italy. It is not strange then that a 
genus, scattered throughout many lands during two geological epochs, 
should have been represented by different forms, even specifically 
distinct. On the other hand, it must not be forgotten that there is 
very often to be observed a certain difference in the same plant w^heu 
we compare its representatives from different countries with varied 
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climates. I recall for instance the American variety of Castanea vesca^ 
the viir'iety 2)02)uUfoUa of Bet ula alba Ahe yuriety Canadensis of Taxus 
baecata^^\A others, of which the typical forms are indigenous in Europe; 
and even among weeds we have several examples of that kind of vari- 
ation, influenced by differences in climate and soil; as, for example, 
Alisma Plantago var. Americana^ Veronica Americana but slightly dif- 
ferent from the European species Beceahunga^ the American varieties 
sinuata and integrifolia of Lijco2)us Ijuro2)(eiiSj and the numerous varieties 
of the Graminew fvom the most widely separate countries the world over. 

And if the plant shows also a liability to variation in its foliage, as 
does our Tulip-tree, might not such kind of variation be brought 
about in a somewhat different manner, depending on climatological or 
terrestrial conditions'? I do not think it unnatural to suppose so. But 
a variation in this manner or as the above mentioned of a more proper 
kind will not be considered as anything but a simple variation, at least 
not until the changes of the specific characters have increased so much 
.after a very long space of time that the former vaiiety becomes a 
species, a new type. And in the same manner the varieties might be 
supposed to belong to the original type, so that a number of ap])arently 
distinct forms must be reduced to one. Do not the numerous fossil 
Liriodendron, Sassafras, Li(2uidambar, Aralia, etc., favor that suppo- 
sition f There is, if we will now regard the fossil leaves of Liriodendron, 
a great analogy with those of the living species, and the agreement is 
so striking, that it seems rather hard to distinguish most of them as 
true species, especially so when we are familiar with the recent forms. 
Tlierefore has Heer in his Flora fossilis aretica,” in the chapter en- 
titled ‘‘ Flora der Atauekerdluk preferred to consider some above- 
enumerated forms as merely varieties of the speeies L. MecJdi, and 
of that reason, as he says (/. c.) : 

Icb bringe diese P^rnieu zii eiuer Art, ■well 1) so nnmcrklicbe Uebergiinge zvriscbeu 
deinselben st.'ittfindeu, dass keiue siclicru Greuzen zn zieben siud ; 2) dieselbcu 
Formen in der oberu Kreide vou Nebraska iiud Kansas yorkoimiien wie in Grbnland, 
Avio ein Blick Tafel xxiii Fig, 3-C zeigt, avo icb diese amerikaiiisebeu Blatter znr 
Vergleicbiiiig mit dcnen Grbulaiids abgebildet babe; .3) aiicb der lebende Tnlpen- 
baiim mis eincu ahnlicheu Formenkrcis vou Bliitteru zeigt, etc,, etc. 

We can not but agree entirely with him, when we regard tlie series 
of leaves figured in his Flora fossilis arctica (/. c.) on Plates xviii, 
XXII, XXIII, and xlv. Among these leaves is Dr. Newberry’s species 
2)rimwvum, and it seems very curious that this author should so dif- 
fer from Heer, since he says ( 1 . c., p. 4 ) not only that this species is 
quite different from Heer’s X. Meeldi, but even that there are no 
connecting links between them. It is now to be remarked, that the 
mentioned leaves, figured by Heer, are from widely separated localities, 
namely the variety from the Disco island in Greenland and 

from Kansas, the variety genuinafvom Nebraska, while the two others, t 

* Oswald Heer: Flora fossilis arctica, A"i, Pars ii, 1882. 

i (I. c.)j Plate xxii, Figs. 12 and 13. 
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considered as identical with this, are found in the lower Ataiiekerdliik in 
Greenland. All the other varieties are either from this locality or 
from Asuk and Isunguak in Greenland, but nevertheless Heer did not 
find any reason for separating them, on the contrary, lie found insensi- 
ble gradations between them, and it seems that it is especially in re- 
gard to the understanding of the intergrading forms that Dr. l^^ewberry 
does not agree with Heer. 

What then, is the diftereuce between Dr. 15^’ewberry’s two leaves of 
his species L. primccmim and L, MeeMi^ both from iTebraska, when 
compared with those called L. Meeldi var. prmcvva and (jenuina of 
Heer obtained from Greenland ? I do not think there is any difter- 
ence in the size as far as concerns the variety genuina, and in the 
other one, the variety prlmccva^ the leaf from Greenland is somewhat 
defective, but shows, nevertheless, the emarginate summit and a little 
more than the half part of the blade, and this leaf does not differ more 
from Dr. Newberry^s drawing than most of the variations I have fig- 
ured from the living tree. Both of them show a somewhat rounded 
base, as if there was a tendency toward forming a basal lobe, and at 
the superior margin tliere is a distinct and roundish lobe. The nerva- 
tion is entirely the same. The two forms primceva and genuina are 
by Heer united with the species Meeldi^ and it seems to be done so with 
the best reason; I would merely object to consider them as two differ- 
ent varieties, since the only dilference is to be found in the number of 
lobes, there being two pairs in gcmdna and only one, or rather one pair 
of distinct lobes and another pair very obtuse, forming an expansion at 
the base of the blade of primwm. Do we not find a similar variation 
among some of the leaves from the living tree? I will merely call 
attention to a leaf, Plate vi, Figs. 19 and compare it with another 
one, Plate v, Fig. 11. It seems to me that we have here a very good 
analogy in regard to this question. If we examine the leaf on Plate v, 
Fig. 17, which is from the same young tree as the first one. Fig. 19, we 
must certainly wonder that Dr. Newberry was unable to find any inter- 
grading forms. 

If we now consider the other varieties of L, Meeldi^ figured by Heer 
(/. c.), in his Plates xxii, xxiii, and xlv, we shall then again find a 
great mutual agreement. These leaves are almost entire or approxi- 
mately obcordate, especially the variety ohcordata^ Plate xxiii, Fig. 4 
(/. (?.). The difference between these forms is very slight and limited, 
almost wholly, to the relative proportions of size. The variety" obcor- 
data shows this characteristic shape, while the leaves of Marcouana 
are longer and narrower, with the base of the blade tapering into the 
petiole. The third one, muoronulata^ seems to be closely allied to the 
variety Marcoiiana^ but shows a small point at the end of the midrib, a 
character, which has also been shown, however, in tlie leaf, Fig. 5, Plate 
XXII {L c.), of Marcouana. This point seems to be analogous to the 
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riulimeutary prolougatioii of the midrib, as 1 have mentioned above 
and figured in the leaves of the living tree. It seems, then, as if we 
have the same fact here, that the leaves show an original longer-leaved 
type, lint, owing to the shape of the notch in these three varieties, 
whatever this is, more or less deeply and sharply sinuate, Heerdid not 
consider this circumstance as being of any essential importance, since 
be united a form as Fig. 13a on Plate xlv (L c.) of Marconana with an- 
other one, Fig. 3 on Plate xxiii {L c.), of the same variety, and he has 
certainly considered these two as identical with the best reason. For 
if we look at the small leaves. Figs. 6, 10, and 16 on Plate v, all 
borne on living trees, we shall find the same manner of variation. But 
I hardly consider these three forms as varieties,^^ in consequence of 
the numerous gradation forms, which I have illustrated, and will again 
call attention to some of these figures. In regard to the relative 
proportions of length and breadth there is a series of gradations 
from Figs. 35 and 36 to Figs. 16 and 41, and we can see the same in re- 
gard to the depth of the notch at the apex of these leaves. I do not 
think it would be too hazardous to suppose HeePs varieties as merely 
forms, belonging to trees or branches of some different age, either very 
young or pei'haps more mature. But Dr. Newberry objects even here, 
because Heer has regarded his L.prinKvviim as identical with such obcor- 
date leaves of L, Meelciij as the last mentioned three varieties. Dr. New- 
berry remarks (?. c., p. 4), that ‘^indeed the probabilities are against it, 
since no intermediate forms have been found, and none of the panduri- 
form leaves of L, Meelxii have been obtained from Greenland, where 
obovate, entire or emarginate leaves similar to those given the above 
names {Phyllites obcordatus and Legiiminosites Marcouanus) do occur, 
and also many of the emarginate, oblong-ovoid, or lanceolate leaves, 
which I have called Lirlodendrou 

It is now to be remembered, as mentioned before, that such obcordate 
leaves may occur, and indeed do commonly occur, together with leaves 
of the typical form on the same tree. I consider it rather as acci- 
dental that none of the paiiduriform leaves of L, Meekii have yet been 
discovered in Greenland, and it is strange that Doctor Newberry does 
not see any gradation forms in the Greenlandish leaves of L, Meekii^ 
figured by Heer on Plate xxii. Figs. 12 and 13, and farther on Plate 
xvni, Fig. 4c (?. c.). 

Massaloiigo is another author with the same view in regard to the 
variation or rather the occurrence of different forms of a fossil Lirio- 
dendro7i We see in the Plates of his Flora Seuigallicse” * 

a series of leaves of a species which he has refcried to L. Frocaccinil 
Ung. This species, which was first described by Unger, t is character- 
ized as follows: TAHodcndron foliis trilobis, lobo medio maxiino triin- 

cato — emargiiiato, lobis lateralibus obtusis vel acutis integerrimis, nervis 


* Massalougo : Flora Fo^sile del Senigallicse, 1851), p. 511. 
tFr. Unger: Genera et species plantariini fossilium, 1850, p. 443. 
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secuiulariis piuuatis subsiiuplicibiis.’^ Four varieties of this species 
liave been enumerated by Massalougo : 

A. L, ProcaccUiii v. helvetica. 

B. L. Procaccinii v. acuiiloba. 

C. L. Procaccinii v. ohtiisUoba, (a) snbatteuiiata, {ft) rotimdaia. 

D. L. Procaccinii v. hicisa. 

The variety helvetica was first considered as a good species (L. helveU 
icum) by Heer,* but after seeing the figures of L, Procaccinii^ he agreed 
perfectly with Massalougo in referring it as a variety of this. 

If we now turn to the drawings, of this variety, t given by Heer, we 
shall see a very striking agreement with our recent species; indeed, it 
is rather difficult to find any essential differences. But the leaf, figured 
by Heer (Fig. 6) shows, moreover, that the blade tapers into the petiole 
in a somewhat larger degree tlian we find in the recent species, and 
this seems to be characteristic of some of the other varieties of L, Pro- 
cacciniL There is, however, in Heer’s Uhrwelt der Schweiz (1S70) a 
drawing of a leaf (Fig. 223), which has been identified as L, Procaccinii^ 
where there is a distinct sinus at the inferior margin of the leaf instead 
of, as mentioned above, the blade tapered into the petiole. HeeFs re- 
mark| about this leaf from Iceland, collected by Japetus Steenstrup, 
is very interesting. He calls attention to the presence of five lobes, 
but does not think it correct, however, to separate it from the leaves of 
L. Procaccinii^ collected by Senegaglia and Eriz, even if these do not 
show more than three lobes. He mentions the fact that the leaves of 
our recent Tulip-tree very often show five lobes or sometimes no lobes 
at all, therefore he does not consider the number of lobes as a charac- 
ter of much importance. Now, in regard to the systematic position of 
this leaf from Iceland, Heer has remarked not only that there is a great 
accordance between this and the other leaves of the same species from 
the continent, but even that these are clearly allied to the living spe- 
cies. There is another leaf considered as identic with L, Procacciniij 
and figured by Heer in his Flora fossilis arctica,§ of which the margin 
seems to have been entire, without lobation, and if the identification 
be correct, since the fossil is very poor, L. Procaccinii has then shown 
the same variation as the recent, with the lobes wanting, and I should 
then compare this form with the leaves figured on Plate viii. Figs. 
33, 36, and 37. 

In regard to the other varieties of X. Procaccinii, described in Flora 
del Senigalliese, we see here on Plate vii. Fig. 23, a leaf of acufiloba^ 
the lobes of which are certainly very acute, but does not seem to differ 
from the variety Helvetica in any other respect, and might possibly cor- 
respond to Michaux’s acutiloha of the recent species, at least, as a sim- 

* Oswald Heer: Flora Tertiaria Helvetia), iii, 1859, p, 195. 

t Ibid.j Vol. I, Plate cviii, Figs. 6 and Ob, and Flora Fossilis Arctica X, 1868, Plate * 
xxvii, Fig. 5. 

t Ibid., Flora Tert. Helv. in, 1859, p. 319. 

^ Ibid., Vol. I, 18()8, Plate xxvi, Fig. 7b. 
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ilar form, tliongii with the exception that the bhule tinkers distinctly into 
the petiole in the leaf figured by Massalongo. And tlie next variety, 
obtiisiloha, figured on Plate xxxix. Pigs. 3 and 5 I c., shows again the 
same kind of variation which occurs so often in the foliage of X. TuU})^ 
fcTctj with the lobes more or less obtuse, an approach to the variety oh^ 
tusilobd described by Michaux. The two subvarieties subdttciiuatd and 
rotundata (Plate xxxix, Figs. 3 and 5 L c.) are distinguished by their 
blades tai)ering into the petiole or not. The last variety, incisd (Plate 
XXXIX, Figs. 4 and G L c.), shows a rather deep notch, but that is the 
only difference, and this seems to correspond to the leaves I have figured 
on Plates vi. Fig. 26, and ix, Fig. 40. Furthermore, Ettingshausen * 
has described a species Liriodendvod Hducriij from a leaf ot which, 
however, only the lower part is preserved and shows that the blade 
tapers into the petiole, and that there are two pairs ot relatively strong 
lateral ribs, but without any lobes, since the margin of the leaf is en- 
tirely wanting. The author sees, nevertheless, in this poorly preserved 
fossil a difference not only from X. Tnlipiferd^ but also from X, Procao- 
ciiiiL Another species is X. OdvdiieH Sap., which has been mentioned 
by Saporta,! and this leaf does not seem to differ in any degree from 
the recent, at least not from the leaves figured on Plate vii, Figs. 26, 
27, 29, 30. Saporta compares this form with the above-mentioned 
variety chinensisy recently discovered in China. It is very interesting 
to see this leaf of X. Gdrdneri figured together with three other leaves, 
but representing X. Procdcchiil from Iceland, Eriz, and Meximieux, since 
these four leaves illustrate, although in a small degree, the variation iu 
the foliage of our living Tulip-tree. The same author has also, together 
with Marion, in their ‘^liecherches sur les vegetaux fossiles de Mexi- 
mieux,” J described leaves of X. Procaccimi, some of which represent 
quite large leaves, especially Figs. 1 and 2 {1. c.),bnt unfortunately very 
defective, so that the lobes are not very distinct, but seem, however, to 
have been somewhat obtuse. The two leaves. Fig. 3 and o (L c.), are, on 
the contrary, preserved very well, and show two very obtusely lobed 
leaves, and here is to be observed the rudimentary prolongation of the 
midrib. The last fossil European species of Liriodendron^ X. Gelalcovslciij 
has been described by Velenovsky in his Flora der Boehmischen 
Kreideformation,”§ though with little success, since, according to the 
figure, it may never have belonged to any species of Liriodendron, It 
seems, therefore, quite curious to see the following remark of Velenovsky, 
concerning this leaf: “Von dem lebenden Amerikanischen X. Tulipi- 

fevd L. unterscheidet sich X. Cclalcovsldi durch die term, obwohl der 
Ilabitus iind die Nervation in hdchsten (fradc uebereinstimmt,” because 

* Constantin von Ettingsbansen : Die fossilo Flora cles Tertiar-Bcckeiis von Bilin, 
III, 1869, Plate XLi, Figs. 10 and 10 Z;. 

t G. de Saporta : Origine Pal^ontologique des arbres cultiv^s on iitilisds par I’homnie, 
1888, p. 266, Fig. L 

t Archives dn Mnsdum d’histoire natnrelle de Lyon, I, 1872, PI. xxxiii, p. 271. 

^ J. Velenovsky : Flora dcr Boehm. Kreideform. in Bcitriige znr Paleontologio des 
Oesterreich-Ungarns iind des Orient, iii, 1883. 
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the nervation of this leaf is so entirely different from what we have seen 
of the recent and fossil species of Liriodemlron^ since the leaf, figured by 
Velenovsky, shows a typical palmate nervation, which is never to be ob- 
served in the true genus. It is a regular three-lobed leaf, of which the 
middle lobe is a little emargiiiate. 

These fossil leaves of the European and Greenland Tulip-tree, which 
we have considered, have exhibited the same kind of variation in the 
leaves or foliage as our recent species. But it seems, as I have pointed 
out above, that the leaves of B. Procaccinii have been usually attenu- 
ated a little at the base, rather than showing the roundish form, which 
is the most frequent in the recent type, and this character might prob- 
ably be sufficient in distinguishing them as specifically differing from, 
although closely allied to, our recent species. Another character is, as 
has been observed by Heer, that some fruits found together with the 
leaves of the variet}- Helvetica^ were much smaller and differed in several 
other respects from those of the recent type. We will now examine 
the American representatives of the ancestral forms of Liriodendron, 

Several contributions have been published upon these ancient types 
by Lesquereux, Newberry, and Ward, and several species have been 
enumerated by these authors as belonging to this genus. Leo Lesque- 
reux has described L, intermedium,^ L. (jUftmtexim^ L, acuminatum^ L. 
cruciforme, L, semialatum^ and L, pinnatifidiim^ of which the last five 
have been mentioned in his Keport on the recent additions of fossil 
plants to the Museum collections.”! The author, unfortunately, has 
figured only two of these six species, but his descriptions are suffi- 
ciently clear to give a correct idea of the shape of these leaves. 

The first species, L. intermedium [I, e. PI. xx, Fig. 5), is a large leaf 
which seems to have been deeply fonr-lobed, with the characteristic 
notch at its apex, but the inferior part of the blade, as well as the outer 
portion of the lobes, are entirely wanting. It probably represented 
a form analogous to that shown on Plate vir. Figs. 26 to 30, but appar- 
ently with narrower lobes. The other figure, given by Lesquereux in 
his Cretaceous Flora, is of L. giganteum (/. c. PI. xxii. Fig. 2), which 
shows only a mere lateral lobe of a very large leaf. He mentions, how- 
ever, in his Eeport (k c.) that a beautiful entirely preserved leaf has 
been found of this species, of which the distance between the lower 
pair of lobes is indicated as being The lower lobes are oblong, 

obtuse, and very broad while the su])erior lobes are shorter, 

slightly turned upwards, and joining the lower ones in an obtuse sinus 
at a short distance of 2""'^ from the midrib. This description shows a 
form entirely differing from all those hitherto mentioned, and combines 
as a i^arallel the leaves figured on Plate vii. Figs. 20 to 30, with the 
very obtusely lobed form figured on Plate viii, Figs. 32 to 34. 

^ L6o Lesquereux: Coutributioiis to the fossil flora of the Western Territories. 
Part I. The Cretaceous Flora, 1874, p. 93. 

t Bulletin oftheMus. ofCompar. Zoology at Harvard College, vii, No. G, 1881, p. 227. 


30 


LEAVES OF LIRIOJJENDKON HOLM. 


The next species, L, acuminatum^ is a small-leaved form, of which 
the two pairs of lobes were only broad, linear, and acuminate, all 
carved upwards. It might represent a true species, if it did uot be- 
long to a young tree, lor instance of L, intermedium^ of which, as 
mentioned, the lobes were very narrow with a deep sinus, and there is 
a possibility that the lobes, or at least the upper one, have been di- 
rected upwards. A similar form has been described as characteristic 
of L. cruciforme, but the leaves of this species are large, the upper lobes 
broad and at right angles to the midrib; the lower lobes were narrow 
and turned upwards, a form that corresponds very closely to a leaf 
figured on Plate vir, Fig. 28. L, semialatim had merely one pair of 
short, rounded lobes at the base of the blade, and these were curved 
ui)wards and enlarged into an obovate or spathulate entire lamina. 

I hardly think that we have any leaf in our recent species corre- 
sponding to this, unless the small, almost entire leaves, figured on Plate 
V, Figs. 7, 9, 10, 13, etc., might represent a form of an almost similar 
shape; but the author does not indicate any size of this peculiar leaf, 
nor any indication of the proportional length and width of the lobes. 
The last species, described by Lesquereux, is L. pinna tijidum^ of which 
only a single leaf has been found, showing, as remarked by the author, 
the general facies of a Liriodendron^ but subalternately trilobate on 
each side. The only character of this form should then be that the 
lobes were not opposite, and we might possibly have an abnormally 
developed leaf, similar to that, figured on Plate vi. Fig. 24, of which 
the lobes are to be called approximately alternating.^^ The top of the 
leaf was, however, broken, so that the true character of a Liriodendron^ 
the notched apex, was wanting, and it is therefore a question as to 
whether the identification has been correct. It is interesting to see the 
manner in which Lesquereux has considered these six species. It would 
seem, though, as if he were not unwilling to consider them merely as 
varieties, perhaps not of one, but of a few species. His remark that 
the local distribution of the leaves may be relied upon to give some 
directions for the separation of species is very precise; but, on the 
other hand, our knowledge of the very distribution of these types is 
pioi^ortionally far from sufficient. Some leaves have only been found 
in Nebraska and Minnesota, some others in Kansas, but that seems only 
to show that they have occurred there; by no means that they have not 
existed in many other localities, and possibly even together. Another 
question is that there is a probability that we might consider them as 
local varieties of one or several species. It seems to me, that even if 
the species described by Lesquereux are mutually different, then we 
Inive seen above a similar variation in the foliage of but one species, and 
that the recent one. It may not be too hazardous to draw some con- 
clusions from the living species, and suppose that these ancient American 
types have shown a liability to variation in the same degree as our re- 
cent form. We have, in regard to that conclusion, a leaf called Lirio- 
dendron laramknso by Professor Ward and found iu the Laramie 
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Foriuation, the age of which has been considered as Upper Cretaceous. 
This leaf is figured in Professor Ward’s “Types of the Laramie Flora.”* 
and shows, even if the upper part is wanting, a form so much like the 
leaves I have figured on Plate vm, Figs. 36 aud 37, that I do not see 
any difference at all, as far as concerns the preserved part of it. The 
margin seems to have been entire aud the nervation accords with this 
variety in all details. 

Three other species have been described by Dr. Newberry (h c.), 
namely: L. oblongifolhm, L. quercifolitim, and L, simplex^ collected in 
the Amboy clays — Middle Cretaceous — of New Jersey and Long Island. 
These three forms are large leaves, being deeply-lobed in L, quercifo- 
Ihm^ shortly lobed in L. oblong [folium^ aud almost entire margined in L. 
simplex. The two first mentioned show a variation analogous to the 
recent form and the last one is very much like the leaves of very young 
trees of our living species. L. oblongifolium was a very large-leaved 
form, of which the leaves were G to 8 inches long aud 4 to 5 inches wide, 
aud, according to the figure in Dr. Newberry’s paper, Plate lxi. Fig. 1, 
there are four teeth or very short, acute lobes on one side of the leaf. 
The other half is broken, but shows two lobes which are not quite oppo- 
site those on the other side. This leaf has, then, been subalternately 
lobed or rather dentate. There is a distinct notch at the apex of the 
blade, and the base does not taper into the petiole, so that it accords 
very well with the leaf of a true Liriodendron^ but it may be a ques- 
tion whether to consider it as a species or merely as a variety. It looks 
so very much like the variety from the United States Botanical Gar- 
den that although it is far from my intention to connect it with the 
recent type, I can but regard it as a variety of a form with more deeply 
lobed leaves, or in any case as something corresponding to our recent 
form. The leaf, figured on Plate vm, Fig. 34, shows a somewhat sim- 
ilar shape having three teeth, which are a little shorter than those of 
L. oblongifolium. In regard to the occurrence of this species, it has 
been found together with L. quercifolium^ figured by Dr. Newberry {1. c., 
Plate LXii, Fig. 1), aud this seems to be a very interesting circumstance. 
This species, L, quercifolnm, has four pairs of long acuminate lobes, 
aud the size of the leaf was almost the same as indicated for L. oblongU 
folium^ but did not attain the length nor width of larger specimens of 
this. That is the same case that I have observed in the recent typical 
form and the variety from the Botanical Garden, aud it is possible that 
we have, to support this conclusion, an analogous variation before us, 
rather than two distinct species. It may not be denied, if we will com- 
pare them with the above-mentioned leaves of the recent type and the 
variety, that there is a very good accordance, and in that manner, that 
L. quereifolium should be the species aud L. oblongifoUum its variety. 
But it is, on the other hand, difficult to say whether Dr. Newberry’s 
third species, ^'simplexf is a Liriodendron or not, at least accordingto 
the figures given by him (?. c.), since the nervation is so entirely differ- 

^Bull, of U. S. Geol. Survey, 1S87, p. 102, Plate XLViii, Eig. 2. 
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ent from that of the tme Liriodendron — leaves of the same relative 
shape. I am iiicliueil to believe that the drawings have not been made 
with sufiieient care and that the leaves, merely in regard to the outlines 
alone, belonged to a large leaved Liriodendron, They may not rei)re* 
sent a true species but may be considered as leaves of younger trees 
of some species with which they have been found associated, for ex- 
ample L, quercifolium. We should, then, have a better illustration of 
one of the ancestors of the Tulip-tree, the typical form, represented by 
L. quercifoUnm, a variety oblong i folium and finally the same kind 
of variation in the foliage as has been described in our recent tree, rep- 
resented by the form simplex, 

We have now regarded a series of fossil leaves which have been 
identified as having belonged to species different from the recent, but it 
seems, however, as if the true Liriodendron Tulipifera had existed be- 
fore in the Pliocene formation. A few years ago some leaves of a Lirio- 
dendron were discovered in the Altai Mountains, which have been de- 
scribed by Schmalhaiisen* ns ideutica'l with our recent species, and a 
figure of one of these leaves shows the superior margin with the shallow 
notch and a lobe, just as it is in the typical form of X. Tulipifera, It is 
a discovery of great interest, since there is but a very small difference 
between this leaf and Liriodendron Procaceinii vnr. hehetica from the 
Tertiary formation of Switzerland and Iceland. 

If we will now consider these fossil leaves by themselves we shall 
see that the majority are lobed with acute or obtuse lobes and that 
there is on the other hand a number of which the lobes were probably 
wanting, as it seems according to the defective fossils, or the leaves 
show a more or less obcordate shape. They may be arranged in three 
groups according to these characters, namely : 

I. Leaf lobed, 

A. Lobes acute. 

L, acuminatum Lesqx. 

L. cruciforme Lesqx. 

L, Gardueri Saji. 

L. intermedium Lesqx. 

L. oblongifolinm Newb. 

L. pinnatifidum Lesqx. ? 

L. Frocaccinii var. Helvetica Heer. 

L, Frocaccinii vnT, aeniiloba Maseal. 

X. quercifolium Newb. 

L, Tulipifera L. 

B. Lobes obtuse. 

L, giganieuni Lesqx. 

L. Meekii var, genuina Heei'. 

L, Meekii var. priman'a (Newb.) Heer. 

L. Frocaccinii ynvAncisa Massal. 

L, Frocaccinii var, obtusiloba \ ^ Massal. 

I atlenuata ) 

L, semialatum Lesqx. 

^ Ueber tertiajre Pllauzeii aus deni Tbale des Flusses liiicbtoruia am Fusse des 
Altaigebirgcs. Palaioutograpbica, xxxiii, 1887. 
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II. Leaf iipp-ireutly ovate without lobatiou. 

L. laramiense Ward. 

L, Procaccinii Heer (PI. xxvi, Fig. 7 b, /. c.) 

III. Loaf obcordate, more or less oblong. 

A. With rudimeutaiy prolongation of the midrib. 

L. Meekii ynT.miicromdata Hcer. 

B. Without any prolongation of the midrib. 

L, Meekii var. Mavcouana Heer. 

L. Meekii var. primava (Newb.) Heer. 

L. Meekii var. obcordata Heer. 

L, Procaccinii Ung. 

L. simidex Newb. 

(Leaf, of whieh the outlines arc unknown: L. Hauerii Ettingsh.) 

There is, however, another character besides the above mentioned^ 
and this is whether the base of the blade is horizontal or tapering into 
the petiole, the last of which seems to be especially characteristic of 
the obcordate leaves, but also varies. We tind namely in L, Meehii^ 
var. miicronulata one leaf with the true obcordate shape, while another 
one has the inferior margin of the blade distinctly horizontal, but in all 
the other ones of Group iii the blade tapers into the petiole. We 
find the same kind of variation in the lobed leaves, as, for instance, the 
varieties Helvetica and aciitiloba of L. Procaccinii^ and farther, the vmi’ 
etiespr/wi^crft and genuina of L, Meeldi, while the base of the blade is 
almost horizontal in the recent species. This fact does not seem to 
s[>eak in any absolute favor of a correct identitication of the fossil 
leaves with such a distinct tapering form of the blade into the petiole, and 
as pointed out above there is good reason for considering some of the 
obcordate leaves as belonging to plants of a quite different famil}-, 
namely, if we compare them with leaflets of the Leguminoscc. But we 
must then see the articulation, and this very probably has been indis- 
tinct, since there is no trace to be observed on any of the numerous 
flgures given of these fossil leaves. 

What form then, may be supposed as the original one of the Liriodoi- 
dron leat^: I am inclined to think that we can conclude nothing posi- 
tively in regard to the hitherto known fossil leaves identified as Liri- 
odendron^ and it is especially the presence of the rudimentary pro- 
longation of the midrib, observed not only in the recent species but 
also in some of the fossil leaves, which gives us the greatest difficulty, 
because we are entitled to conclude from this circumstance that the 
leaf has not only been longer and with a larger number of lobes, but 
also with an apex corresponding in size and shape to the lobes. There 
IS, as it seems to me, the apparently entire leaf of L, laramiense and 
some of the obcordate leaves of the other species, which are of the great- 
est interest. We have but to elongate the midrib of these a little and 
we will obtain either an obtuse or acuminate leaf, corresponding to the 
genus Magnolia, and I myself am not unwilling to suppose such a form 
as proper to the ancient type of the Tulip-tree, The identification of 
Proc. 1 st. M. 90 3 
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these MagnolkiAWiOi leaves would certainly be very difficult or perbap 
even impossible, and I do not think it too hazardous to suggest tlni 
some of these leaves have already been discovered, but identified an 
described as MiujixoUa or possibly referred to other genera. 

U. IS. National Museum, November^ 1889. 


EXPLA.NATION OF PLATES. 

Liriodendron TnVipifera L. 

Plate IV. 

Fig. 1. A cotykulou, four time.s natural size, reduced one-tliird. 

2. A t^'pieal leal’ of an old tr(*.e, two-thirds natural size, 
a. A typical leaf of the same tree, two-thirds natural size. 

4. A typieal leaf of the same tree, two-thirds natural size. 

Plate V. | 

(All natural size.) 1 

Fig. 5. Leaf of a plant, five months old ; No. 1 after the cotyledons. [ 

0. Leaf of a plant, five months old ; the youngest one. i 

7. Leaf of a plant, five months old; No. 3 after the cotyledons. i 

8. Leaf of a plant, five months old ; No. 1 after the cotyledons. I 

9. Leaf of a plant, five months old ; No. 3 after the cotyledons. [ 

10. Leaf of a plant, five months old; No. 1 after the cotyledons. 

11. Leaf of a plant, five mouths old; No. 3 after the cotyledons. 

12. Leaf of a plant, five mouths old; No. 2 after the cotyledons. 

13. Leaf of a plant, five mouths old ; No. 4 after the cotyledons. 

14. Leaf of a plant, five months old; No. 4 after the cotyledons. 

15. Leaf of a plant, five months old; No, 2 after the cotyledouSi 

16. Leaf of a plant, fiv^e months old; No. 4 after the eotyledons. 

17. Leaf of a plant, five months old; No. 3 after the eotyledons. 

The leaves Figs. 7, 14, and IG are from the same plant. 

The leaves Figs. 10 and 11 are from the same plant. 

The leaves Figs. 12 and 17 are from the same plant. 

Plate \T. ^ 

(All natural size.) 

Fig. 18. Leaf of a plant, five months old ; No. 4 after the cotyledons. 

19. Leaf of a plant, five months old ; No. 4 after the cotyledons. 

20. Leaf of a plant, five mouths old ; No. 5 after the cotyledons. 

21. Leaf of a plant, five months old ; No. G after the cotyledons. 

22. Leaf, the next oldest one, of a branch from an old tree. 

23. Leaf, the iiext youngest, of a iilaiit, two years old. / 

24. Leaf, the youngest one, of a branch from an old tree. ' 

25. Leaf, the next oldest one, of a braneh from an old tree. f 

The leaves Figs. 9 and 18 are from the same plant. * 

The leaves Figs. 15 and 19 are from the same plant. 

The leaves Figs. 22, 24, and 25 are from the same tree. 
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Plate VII. 

(Ouc-tbircl uatural size.) 

b"iG. 26. Leaf taken from a mere shrub. 

27, Leaf taken from the same shrub. 

28. Leaf taken from the same shrub. 

21). Leaf taken from the same shrub. 

30, Leaf taken from the same shrub. 

31. Leaf the oldest one, of a branch of the same shrub. 

The leaves Figs. 26 to 31 have all been taken from the same shrub in the 
wood on the shore of the Potomac. 

Plate VIII. 

(One-third natural size.) 

Fig. 32. Leaf of a tree in the Botanical Garden, labeled var. Uitegvlfolia, 

33. Leaf of the same tree. 

34. Leaf of the same tree. 

35. Leaf, the oldest one of a branch from the same tree. 

36. Leaf, the oldest one of a branch from the same tree. 

37. Leaf, the oldest one of a branch from the same tree. 

Plate IX. 

(Two-thirds natural size.) 

Fig. 38. Leaf, taken from an old tree. In the axil of this leaf had been developed a 
shoot, which carried the following leaves : 

39. The next youngest one. 

40. The third one after Fig. 41. 

41. The oldest one. 


